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We present a new measurement of the purely leptonic decay B" — > t~'Ut with a semileptonic B tagging method, 
using a data sample containing 657 X 10® BB pairs collected with the Belle detector at the KEKB asymmetric e+e" 
collider. A sample of BB pairs are tagged by reconstructing one B meson decaying semileptonically. We detect the 
B^ — » t^^Vt candidate in the recoil. We obtain a signal with a significance of 3.8 standard deviations including 
systomatics, and measure the branching fraction to be B(B- -» t-Vt) = (1.65tQ;37(stat)12;|^(syst)) X 10"''. This 
result confirms the evidence for B~ — > t~T/t obtained in the previous Belle measurement with a hadronic B tagging 
method. The B meson decay constant and constraint on charged Higgs are obtained using the measured branching 
fraction. 



1. Introduction 



o 
O 

OO , The purely leptonic decay — > t^F |lj is of particular interest since it provides a direct measurement of the 
product of the Cabibbo-Kobayashi-Maskawa(CKM) matrix element Vub [2] and the B meson decay constant fs- In 
'~p the Standard Model(SM), the branching fraction of the decay B^ t^V is given by 

X , 

B{B- r-V)sM = (l - fl\v^,\^rs, (1) 

, ■ where Gp is the Fermi coupling constant, rrir and tob are the r lepton and B meson masses, and tb is the B~ 
lifetime. Physics beyond the SM, such as supersymmetry or two-Higgs doublet models, could suppress or enhance 
' K_J B{B^ T~v) to levels several times as large as the SM expectation through the introduction of a charged Higgs 
boson [i, 01 ■ The charged Higgs effect is described as 

o" 

m ■ B{B V) = B{B T V)SM X TH, 

= (l-4^tan2/3)2, (2) 
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where rrv^ is the charged Higgs mass and tan (3 is the ratio of the two Higgs vacuum expectation values. The expected 



SM branching fraction from other experimental constraints is (O.TSIq ^s) x 10 [5|. No statistically significant 



enhancement relative to the SM expectation has been observed in previous experimental studies. The previous 
' Belle measurement reported the first evidence of B'^ t~i7 decay with a significance of 3.5 standard deviations 
. (a), and measured the branching fraction to be BiB" r^Vr) — (1.79lo;4g(stat)to'5i(syst)) x 10^^, using a full 
reconstruction tagging method. The BaBar Collaboration has reported a search for B~ — > t^V decay with hadronic 
tagging ^ and semileptonic tagging Q using 383 x 10^ BB pairs. They report a 2.6 a excess, combining the two 
measurements. To establish the B~ — > t~T' signal, test consistency with the SM and search for a charged Higgs 
boson effect, we need more statistics. 

In this report, we present a new measurement of B~ — > r^Vr from the Belle experiment with a semileptonic 
tagging method, based on a 605 fb~^ data sample containing 657 x 10^ BB pairs collected with the Belle detector [o^ 
at the KEKB asymmetric energy e+e" (3.5 on 8 GeV) collider operating at the T(45) resonance (^/s = 10.58 
GeV). 



2. Measurement of S r 17^ with a semileptonic B tagging method 

The strategy adopted for this analysis is same as in the previous measurements. We reconstruct one of the B mesons 
decaying semileptonically (referred to hereafter as Stag) and compare the properties of the remaining particle(s) in 



1 



34*'' International Conference on High Energy Physics, Philadelphia, 2008 

the event (-Bsig) to those expected for signal and background. We reconstruct the iJtag in 
B~ D^l^V decays. For D*^ reconstruction, we use D*^ D^tt^ and _D°7 decays. mesons are reconstructed in 
K~TT^ , K'TT^TT^ and i^r~7r+7r~7r+. For Bsig, we use t~ decays to r~ t~T>iVT, where £ = /i or e, and t~ ■k~Vt. 
We require that no charged particle or tt*^ remain in the event after removing the particles from the Stag and iJgig 
candidates. The selection criteria for -Btag and Bgig are optimized for each of the r decay modes, because the 
background levels and the background components are mode-dependent. The details of the selection criteria are 



described elsewhere 11| 



The most powerful variable for separating signal and background is the remaining energy in the electromagnetic 
calorimeter (ECL), denoted i?ECL, which is the sum of the energies of ECL clusters that are not associated with 
particles from the Stag and i?sig candidates. The number of signal events is extracted from an extended maximum 
likelihood fit to the -Becl distribution. We combine r decay modes by constraining the ratios of the signal yields to 
the ratio of reconstruction efRciencies obtained from MC. Figure [T] shows the i?ECL distribution with the fit results. 
We see a clear excess of signal events in the region near i?ECL ^ 0. Table U summarizes the signal yields and 
the branching fractions obtained from separate fits for each r decay mode and fits with all three modes combined. 

Systematic errors for the measured branching fraction are associated with the uncertainties in the signal yield. 
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Figure 1: -Becl distribution of semileptonic tagged events with the fit result for (a) all t decay modes combined, (b) t~ 
e~V^Vr, (c) r~ prVfji^Vr and (d) r~ — > -K'Vr- The points with error bars are data. The hatched histogram and solid open 
histogram are the background and the signal, respectively. 

efficiencies and number of B~ pairs. The systematic errors for the signal yield arise from the uncertainties in 
the PDF shapes for the signal {1L^'\%) and for the background (!tii'2%) which are dominated by MC statistics. For 
the latter, uncertainties in the branching fractions of B decay modes that peak at Secl = such as B^ D^t^v 
with D''^ K^tt'^,K1K1 and so on (^8 4)%, as well as uncertainties in the background from rare B decays and r 
pair events (3.8%) are also taken into account. We take a 11.6% error as the systematic error associated with the 
tag reconstruction efficiency from the difference of yields between data and MC for the control sample. This value 
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Table I: Results of the fit for signal yields and branching fractions. Errors are statistical only. 



includes the error in the branching fraction B{B^ D*^l^v), which we estimate from B{B^ D*^ t^v) in Ref. 
and isospin symmetry. The systematic error in the signal efficiencies arises from the uncertainty in tracking efficiency 
(1.0%), particle identification efficiency (1.3%), branching fractions of t decays (0.4%), and MC statistics (0.9%). 
The systematic error due to the uncertainty in the number of BB pairs is 1.4%. The total fractional systematic 
uncertainty is We obtain the branching fraction to be 

B{B- T-Vr) = (1.65lEJj?(stat)l°:i^^(syst)) x 10"^ (3) 

The significance of the observed signal is estimated to be 3.8 a including systematic errors. 



3. Determination of fs and Constraint on Cliarged Higgs 

Using the measured branching fraction and known values of Gi?, tob, and tb the product of the B meson 
decay constant Jb and the magnitude of the Cabibbo-Kobayashi-Maskawa matrix element \Vub\ is determined to be 



fB\Vub\ = (9.7± l.ltl:?) X 10""^ GeV. Combining it with |Kb| = 3.99t2;i^g by HFAG [ISj based on BLNP model [ij, 
we obtain fs — 242^27 ±0.33 MeV. The obtained value is consistent with the unquenched lattice QCD calculation 
by HPQCD collaboration /b = 216 ± 22 MeV 

The SM expectation for the branching fraction oi B tv from other experimental constraints is obtained by 
CKMfitter group to be B[B- T'Vr) = (O.TB^Hs) x 10^'' Comparing our result to it, we obtain rn — 
2.11 ±0.75, where error include both statistical and systematic errors. Constraint on charged Higgs is obtained using 



Eq. [21 Figure [2] shows the constraint on tan (3 and 



'if. 



The solid line in the left plot shows the expected rn as a 



function of tan/J/m^ given by Eq. [2j The shaded areas are the excluded region with a confidence level of 95%. 
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Figure 2: Constraint on charged Higgs in rn-tan (3/mH plane (left) and mH-tan/3 plane (right). The black line in the right 
plot shows the expectation for rn as a function of tan/3/m_tf given by Eq. [2] The shaded areas indicate the excluded region 
with a confidence level of 95%. 



3 



34* International Conference on High Energy Physics, Philadelphia, 2008 

4. Summary 

In summary, we have measured the decay — > t^77 with BB pair events tagged by semileptonic B decays 
using a data sample containing 657 x 10^ BB pairs collected at the T{AS) resonance with the Belle detector at the 
KEKB asymmetric e+e~ collider. We measure the branching fraction to be (1.65lQ37(stat) j^Q'3y(syst)) x lO^** with 
a significance of 3.8 standard deviations. We confirm the evidence reported in the previous Belle measurement with 
BB pair events tagged by hadronic B decays. The measured branching fraction is consistent with the SM expectation 
from other experimental constraints. The B meson decay constant /b and constraint on charged Higgs are obtained 
using the measured branching fraction. 
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